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Abstract 



PURPOSE:To improve the strength and corrosion resistance by specifying a composition of Cr. Al, Co and/or Ni and 
the residual of Fe and unavoidable impurities. 

CONSTITUTIONiAs the constituent material. Cr: 0.5-30% (weight%; the same hereinafter), AJ^^^52lO%, Co and/or 
Ni: 0.5-7% and the residual of Fe and unavoidable impurities are used. Cr and Al form corrosion-resistant lithium 
chromate lithium aluminate coatings, respectively, under a fused carbonate environment comprising Li2C03 and 
K2C03. Also, Co and/or Ni play a role of good adhesion between these coatings and the material, resulting in an 
improved strength and corrosion resistance. 
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SPECIFICATIONS 



1. Title of the Invention 

Structural Material for Fused Carbonate Type Fuel Cell 

2. Claims 

1. A structural material for a fused carbonate type fuel cell, such material characterized 
by consisting of 

Cr: 0.5% to 30% (wt%; sinularly below) 

Al: 0.5% to 10% 

Co and/ or Ni: 0.5% to 7% 

with the balance being Fe and the inevitable impurities 

2. A structural material for a fused carbonate type fuel cell as in Claim 1, such material 
^-^characterized by consisting of 0.5% to 10% Cr 

{ 3. JA. structural material for a fused carbonate type fuel cell, such material characterized 



Cr: 0.5% to 30% 

Al: 0.5% to 10,% 

Co and/ or Ni: 0.5% to 7% 

Si: 0.5% to 10% 

with the balance being Fe and tiie inevitable impurities 

4. A structural material for a fused carbonate type fuel cell as in Claim 3, such material 
characterized by consisting of 0.5% to 10% Cr 

3. Detailed Description of the Invention 
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Relevant field of industry 

This invention relates to a structural material for fused carbonate type fuel cells, such 
material having excellent resistance to corrosion, and being highly marketable, workable 
and economical. 

Prior art 

Fused carbonate fuel cells possess the advantages of having high energy conversion rates, 
not causing pollution, and not requiring expensive catalysts and so forth, and hence are 
highly regarded as next generation electricity sources, and at present, research and active 
technical development are proceeding on the durability of small-sized cells, while research is 
proceeding into increasing the size of such cells and into the development of the electrode 
materials and other structural materials in such cells. 

Problems addressed by the present invention 

At present, the problems of fused carbonate type fuel cells are that the fuel cell structural 
materials such as the electrodes and separators an d so forth are generally readily corroded 
and ao not possess long-term durability, and that the nickel cathodes dissolve and 
precipitate in the vicinity of the anodes, thus reducing the service life of the fuel cells. 

Various research projects have been conductedsSB^Pi^d^to-o.^^ these problems (for 
example, prevention of corrosion b \^formin pj[alu fika -^P58-217677; ferroalloy ^ 

electrodes-JP58;455^^ - JP56-82583 and JP58-117656; lithium-doped 

metaf oxide powder electeodes^^T5&T65253; fuel cells with electrodes formed of 
lithium-cobalt oxide particle sinter - JP60-117566; current collectors consisting of highly 
corrosion- resistant metal materials and composite oxides - JP59-230263, and electrode 

^materials co nsisting of ceramic particles coated with electrochemically active metals - 
l P57-92753> ^^jit none of these have been preferable from the viewpoints of marketab ility, | 

J^kabmty ^ economicsT^ ^^j^^/.M^' ^^J^ ^WrTf;;^^ 

The present invention takes account of these problems, and it is an objective of the present 
invention to provide a structural material for fused carbonate type fuel cells, such material 
being highly resistant to corrosion, and being very marketable, workable and economical. 

Means employed in order to overcome these problems 

In order to overcome these problems, the structural material for fused carbonate type fuel 
cells envisaged by the present invention consists essentially of 

Cr: 0.5% to 30% (wt%; similarly below) 

Al: 0.5% to 10% 

Co and/or Ni: 0.5% to 7% 

with the balance being Fe and the inevitable impurities, with Si being included where 
necessary whereby it is possible to improve resistance to corrosion in a fused carbonate 
environment, and particularly at the gas phase and the gas-liquid phase boundary, and in 
which a embrittlement is excellent because Cr is restricted to between 0.5% and 10%. 

Action 



file:///W|/Funclional Groups/IP Management/CompetltorSpecs/Agency_lnd_SciT ch/J P63-236267.htm (3 of 6) (18/02/2002 11:43:16] 



, 19 JAPAN PATENT AGENCY (JP) 

As a result of extensive research into structural materials for fused carbonate type fuel cells, 
the inventors of the present invention discovered the alloy elements described above that are 
required for an iron-based substrate that has excellent strength and good marketability and 
/ workability, and for the formation of an oxide film that has excellent resistance to corrosion, 
and so perfected the present invention. Thus, Cr and Al form respectively lithium chromate 
films and lithium aluminate films that have excellent resistance to corrosion in fused 
carbonate environments that consist of 1^2^03 and K2CO3. Moreover, Co and/ or Ni act to 
strengthen the adhesion between such films and the substrates. Moreover, Si stabilizes the 
grain boundaries and enhances the resistance to corrosion at the gas-liquid phase boundary, 
and a embrittlement can be improved by restricting the amount of Cr that is added. Such 
structural materials for fused carbonate type fuel cells are doped with small amounts of Li 
and K in use, but thereafter undergo no change even when exposed for long periods of time 
to corrosive environments, and the iron materials are protected against corrosion. 

Next, the limits on the amounts of each of the alloying elements added, and the reasons 
therefore, are described. 

Cr: 

Cr is an element that forms a stable film of lithium carbonate in a fused carbonate bath, and 
not less than 0.5% of this element is required in order to usefully produce this effect. 
However, if Cr is not present to the extent of its presence in f errochrome, lithium chromate 
sufficient to produce an excellent corrosion resistance is not formed, and when Cr is present 
in company with such alloying elements as Al, Ni and Co and the like, films with good 
corrosion resistance are formed, even at low Cr contents. Moreover, between 0.5% and 10% 
of Cr is preferred for reasons of a embrittlement. 

Al: 

Al by itself forms a stable lithium aluminate film i n the fused carbonate bath, and greatly 
enhances the resistance of the electrode material to corrosion. The corrosion resistance effect 
is slight if less than 0.5% Al is present, while the adhesion of the film is impaired and 
corrosion resistance is reduced, if more than 10% Al is present. 

Co: 

Co is an effective element in enhancing the adhesion of the iron substrate and the films, that 
is, of the lithium chromate and lithium aluminate film, and produces the effect of enhancing 
adhesion by rendering £imorphous the spinel-oxide film that is formed on the surface of the 
iron substrate. However, no significant effects are observed if less than 0.5% Co is present. 
On the other hand, if too much Co is present, molten Co is deposited near the anode, 
causing a decline in cell performance, such that an upper limit of 7% Co is imposed. 

Ni: 

Ni has similar effects to Co, and also has the effect of enhancing the resistance of films to 
corrosion when present in Cr oxides and Al oxides. However, no significant effects are 
observed if less than 0.5% Ni is present. On the other hand, if too much Ni is present, molten 
Ni is deposited near the anode, causing a decline in cell performance, such that an upper 
limit of 7% Ni is imposed. 

Si: 
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Si Stabilizes the grain boundaries at the surface of the materials at the gas-liquid boundary in 
a fused carbonate environment and has the effect of enhancing resistance to corrosion. 
However, at 0.5% Si content, the effect rapidly declines, whereas if more than 10% Si is 
present, large amounts of Si02 are formed and resistance to corrosion declines. 



Practical embodiments 

The alloys with the compositions shown in Table 1 were immersed in a bath consisting of 62 
mol% Li2C03 + 38 mol% K2CO3 at 650'' C for one month, whereupon the alloys were 

examined for the rate of corrosion and for the presence of a phase precipitation, with the 
results listed in Table 1 (composition factor is wt%, with the balance being Fe and the 
inevitable impurities). Numbers 1 to 7 are alloys whose composition was restricted to that of 
the present invention, and Numbers 8 to 15 are comparative examples. 

Numbers 1 to 7 exhibited excellent resistance to corrosion, and both the practical 
embodiments of the invention and comparative examples with not more than 10% Cr 
exhibited excellent a embrittlement. 



Table 1 





No. 


Composition 


Corrosion 
rate*^ 


Presence of a phase 
embrittlement 


Present 


1 


9Al-4Cr-2Ni-7Si 


0.013 


No 


1 T1"\7<2IT1 "H C%T^ 
11 1 V XZL L Llwl L 






0.013 


No 


2 


5Al-7Cr-0.5Co 




3 


lAl-17Cr-lNi-lSi 


0.034 


No 




4 


lAl-13Cr-lCo-lSi 


0.030 


No 




5 


5Al-9Cr-4Ni-lSi 


0.012 


No 




6 


5Al-10Cr-2Ni 


0.007 


No 




7 


5Al-20Cr-2Co 


0.003 


Yes 


Comparative 


8 


100% Ni 


1.086 


No 


examples 


9 


18Cr-llNi-lSi 


0.120 


Yes 




10 


8Al-92Ni 


0.053 


No 




11 


5Al-20Cr 


0.580 


Yes 




12 


13Al-5Si 


0.783 


No 




13 


4Al-8Si 


7.764 


No 




14 


10Si-90Ni 


5.934 


No 




15 


5Al-7Si-88Ni 


2.912 


No 
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*!: Units g/m^ hr (Boundary of 62 mol% Li2C03 + 38 mol% K2CO3 bath, 650° C, tested for 
one month; environmental gas: C02:02 = 2:1) 

Effects of the invention 

The structural material for a fused carbonate type fuel cell envisaged by the present 
invention described above possesses excellent strength and resistance to corrosion, with 
excellent marketability, v^orkability and economics. 

Applicant: Director, Agency of Industry, Science and Technology 
Secondary Agent: Hisakazu Naoki, Patent Attorney 
Applicant: Kobe Steel, Ltd 
Agent: Hisakazu Naoki, Patent Attorney 
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